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ABSTRACT
We construct a photometrically calibrated catalog of non-variable sources from the Palomar Transient Fac-
tory (PTF) observations. The first version of this catalog presented here, the PTF photometric catalog 1.0,
contains calibrated RPTF-filter magnitudes for ≈ 2.1× 107 sources brighter than magnitude 19, over an area
of ≈ 11233 deg2. The magnitudes are provided in the PTF photometric system, and the color of a source is
required in order to convert these magnitudes into other magnitude systems. We estimate that the magnitudes
in this catalog have typical accuracy of about 0.02 mag with respect to magnitudes from the Sloan Digital
Sky Survey. The median repeatability of our catalog’s magnitudes for stars between 15 and 16 mag, is about
0.01 mag, and it is better than 0.03 mag for 95% of the sources in this magnitude range. The main goal of this
catalog is to provide reference magnitudes for photometric calibration of visible light observations. Subsequent
versions of this catalog, which will be published incrementally online, will be extended to a larger sky area and
will also include gPTF-filter magnitudes, as well as variability and proper motion information.
Subject headings: techniques: photometric – catalogs
1. INTRODUCTION
All-sky photometrically-calibrated stellar catalogs are be-
ing used to measure the true apparent flux of astrophysical
sources. Other approaches, like observing standard stars (e.g.,
Landolt 1992), are time consuming since they require addi-
tional observations (which are not of the source of interest)
under photometric conditions. Therefore, it is desirable to
have an all-sky catalog that contains calibrated stellar magni-
tudes. To date, the most widely used catalog for this purpose
is probably the USNO-B1.0 (Monet et al. 2003), which pro-
vides the blue, red and near infra-red photographic plate mag-
nitudes for about 109 sources. Unfortunately, the photometric
measurements in the USNO-B1 catalog show significant sys-
tematic variations in the magnitude zeropoint as a function
of the position on the sky (∼ 0.5 mag), even at small angular
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scales (Sesar et al. 2006).
The Sloan Digital Sky Survey (SDSS) is calibrated to an
accuracy of better than 2% (Adelman-McCarthy et al. 2008;
Padmanabhan et al. 2008). However, SDSS Data Release
8 covers only about a third of the celestial sphere. Another
possibility is to use bright Tycho-2 (Høg et al. 2000) stars to
photometrically calibrate images (Ofek 2008; Pickles & De-
pagne 2010). However, this approach requires that the Tycho
stars, brighter than magnitude ≈ 12, are not saturated in the
images.
The Palomar Transient Factory15 (PTF; Law et al. 2009;
Rau et al. 2009) is a synoptic survey designed to explore the
transient sky and to study stellar variability. The project uti-
lizes the 48′′ Samuel Oschin Schmidt Telescope at Palomar
Observatory. The telescope has a digital camera equipped
with 11 active CCDs16, each 2K×4K pixels (Rahmer et al.
2008), and has been surveying the northern sky since March
2009. Each PTF image covers 7.26 deg2 with a pixel scale of
1.01′′ pix−1. The median point-spread function full-width at
half maximum is ≈ 2′′ and it is uniform over the camera field
of view (Law et al. 2010). The PTF main survey is currently
performed in the g band during dark time and in the Mould
R band during bright time, but most of the data taken prior
to January 2011 were obtained using the R-band filter. In ad-
dition, a few nights around times of full Moon are used for
surveying the sky with narrow-band Hα filters. An overview
of the PTF survey and its first-year performance is given in
Law et al. (2010).
The PTF data are reduced by pipelines running at Caltech’s
Infrared Processing and Analysis Center (IPAC). The process-
ing includes astrometric and photometric calibration. Here we
build on the PTF photometric calibration to construct a cata-
log of calibrated non-variable sources. This catalog can be
used to photometrically calibrate other visible-light observa-
tions.
15 http://www.astro.caltech.edu/ptf/
16 The camera has 12 CCDs of which one is not functional.
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The paper is organized as follows. In §2, we briefly discuss
the PTF photometric calibration. The construction of the pho-
tometric catalog is described in §3. The catalog is presented in
§4 and we discuss its accuracy and repeatability in §5. Finally
we conclude in §6.
2. BRIEF DESCRIPTION OF THE PTF PHOTOMETRIC
CALIBRATION
Here we briefly describe the photometric calibration of the
PTF images, which is fundamental to the construction of the
PTF photometric catalog. A full description can be found in
Ofek et al. (2012).
We use images reduced by the IPAC-PTF pipeline (Grill-
mair et al. 2010; Laher et al., in prep.). The processing in-
cludes splitting the multi-extension FITS images, de-biasing,
flat-fielding, astrometric calibration, generation of mask im-
ages, source extraction, and photometric calibration. The
astrometric calibration is performed relative to SDSS when
possible and the UCAC-3 catalog (Zacharias et al. 2010)
when SDSS information is not available. If a UCAC-3 so-
lution is not found, then the astrometry is solved against
USNO-B1.0 (Monet et al. 2003). The median astrometric
rms in single axis is 0.11′′, 0.13′′ and 0.4′′, for the SDSS,
UCAC-3 and USNO-B1.0 catalogue, respectively. The masks
flag pixels with image artifacts, including ghosts, halos, air-
craft/satellite tracks, saturation, CCD bleeding, and dead/bad
pixels. Sources which contain masked pixels inherit the pix-
els’ flag, and these are stored in the catalogs associated with
the processed images.
Our photometric calibration method is similar to the clas-
sical method of observing standard stars through various air-
masses and assuming photometric conditions – i.e., the atmo-
spheric transmission properties are constant in time and are a
continuous function of airmass. On average, we typically ob-
serve ∼ 105 SDSS stars with high signal-to-noise ratio (S/N)
per CCD per night. Therefore, we usually have a sufficient
number of photometric measurements to robustly constrain
all calibration parameters for a given night.
After selecting high S/N sources, we fit the difference be-
tween the instrumental magnitude measured in the PTF sys-
tem (e.g., RinstPTF), and the standard star magnitudes measured
by SDSS (e.g., rSDSS) with a simple model. The free param-
eters in this model include the global zero point of the image,
color term, extinction coefficient, color-airmass term, varia-
tion of the global zero point during the night, exposure time,
and the illumination correction. Here the illumination correc-
tion represents variation of the photometric zero point as a
function of position on the CCD. The latter correction is rep-
resented by two methods relative to the center of each CCD,
which are described in Ofek et al. (2012). To generate the first
version of the PTF photometric catalog, we use the model in
which the variation of the photometric zero point with CCD
position is a two-dimensional, low-order polynomial in the
position across each CCD (i.e., Eq. 3 in Ofek et al. 2012).
The goodness of the fit is described by several estimators, in-
cluding the RMS of residuals of bright stars from the best fit
model (parameter APBSRMS in Table 2 in Ofek et al. 2012).
We note that the magnitudes produced by our calibration
process are related to the SDSS magnitude system (and other
systems) via the aforementioned color terms. In the case
where the r− i color of an object is known, it is possible to
convert the PTF R-band magnitudes to other systems. These
transformations are described in Ofek et al. (2012; Eqs. 4–
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FIG. 1.— PTF R-band filter transmission at airmass of 1.3 (solid line) and
no atmosphere (dashed line). The transmission is shown for the two CCD
types in the PTF camera. ’std’ stands for the standard CCD (black line; CC-
DID 0,1,2,6,7,8,9,10,11) while ’hr’ stands for the high resistivity CCDs (gray
line; CCDID 4,5). The transmission was calculated by multiplying the fil-
ter, CCD and atmospheric transmissions. The atmospheric transmission was
calculated using a standard smooth atmosphere (Hayes & Latham 1975) for
1.7 km elevation and airmass 1.3. For reference we also show the transmis-
sion of the SDSS r-band filter.
TABLE 1
PTF R-BAND FILTER TRANSMISSION
λ Filter QEstd QEhr Atm. Sysstd Syshr
A˚
5680.0 0.00 0.66 0.74 0.84 0.00 0.00
5685.0 0.00 0.66 0.74 0.84 0.00 0.00
5690.0 0.01 0.66 0.74 0.84 0.01 0.01
5695.0 0.01 0.66 0.75 0.84 0.01 0.01
5700.0 0.01 0.67 0.75 0.84 0.01 0.01
NOTE. — PTF R-band filter transmission (see also Figure 1). λ is the wavelength,
’Filter’ is the filter transmission, ’QE’ is the CCD efficiency, ’Atm.’ is the atmosphere
transmission calculated using a standard smooth atmosphere (Hayes & Latham 1975) for
1.7 km elevation and airmass 1.3, and ’Sys’ is the total efficiency calculated by multiply-
ing the filter, QE and the atmosphere transmissions. Subscript ’std’ stands for standard
CCD, while ’hr’ stands for high resistivity (see Figure 1 caption). This table is published
in its entirety in the electronic edition of PASP. A portion of the full table is shown here
for guidance regarding its form and content.
7), while the color terms for the 11 active CCDs are given in
Ofek et al. (2012; Table 3). For reference we present the PTF
R-band filter transmission in Figure 1 and in Table 1. Subse-
quent versions of the PTF photometric catalog will addition-
ally include gPTF magnitudes, which will enable straightfor-
ward transformation into other magnitude systems.
3. CATALOG CONSTRUCTION
Version 1.0 of the catalog was constructed from PTF data
taken before November 2011, using the IPAC-PTF pipeline
software version identifier (SVID)> 47. For this version of
the catalog, we only used PTF fields that were observed with
the Mould R band on at least three photometric nights under
good conditions. The terms “photometric nights” and “good
conditions” are not well defined and depend on the required
photometric accuracy. Here we select only images that have
photometric and quality parameters within the ranges speci-
fied in Table 2.
A detailed description of the photometric parameters (i.e.,
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TABLE 2
RANGES OF PARAMETERS OF GOOD DATA
Parameter CCDID Min Max Units
Seeing all · · · 4.0 arcsec
MoonESB all −3.0 · · · mag arcsec−2
APBSRMS all · · · 0.04 mag
αc,R 0 0.190 0.244 mag mag−1
αa,R 0 −0.182 −0.044 mag airmass−1
αc,R 1 0.175 0.235 mag mag−1
αa,R 1 −0.177 −0.039 mag airmass−1
αc,R 2 0.178 0.226 mag mag−1
αa,R 2 −0.187 −0.037 mag airmass−1
αc,R 4 0.189 0.249 mag mag−1
αa,R 4 −0.200 −0.038 mag airmass−1
αc,R 5 0.200 0.254 mag mag−1
αa,R 5 −0.198 −0.036 mag airmass−1
αc,R 6 0.201 0.249 mag mag−1
αa,R 6 −0.183 −0.027 mag airmass−1
αc,R 7 0.172 0.238 mag mag−1
αa,R 7 −0.177 −0.033 mag airmass−1
αc,R 8 0.181 0.229 mag mag−1
αa,R 8 −0.175 −0.049 mag airmass−1
αc,R 9 0.165 0.237 mag mag−1
αa,R 9 −0.188 −0.038 mag airmass−1
αc,R 10 0.176 0.260 mag mag−1
αa,R 10 −0.188 −0.038 mag airmass−1
αc,R 11 0.188 0.248 mag mag−1
αa,R 11 −0.189 −0.039 mag airmass−1
NOTE. — Min and Max specify the range minimum and maximum, respectively. See
text for details.
APBSRMS, αc,R, αa,R) and their distributions is available in
Ofek et al. (2012). Here MoonESB is the theoretical V -band
excess in sky surface magnitude (negative number) due to the
Moon. This excess is calculated using the algorithm of Krisci-
unas & Schaefer (1991). APBSRMS is the root mean square
(RMS) of bright stars of the nightly photometric calibration
residuals from the best fit, αc,R is the R-band r− i-color term
coefficient of the nightly photometric solution, and αa,R is the
nightly R-band extinction coefficient. The allowed ranges of
these parameters (listed in Table 2) correspond to ±3 times
the one standard deviation17 from the median value of each
parameter over all data taken with a given CCD18.
We choose PTF fields19 that have at least three images taken
on three different nights, with the criteria listed in Table 2.
The requirement to analyze only fields that were observed on
three or more photometric nights is important in order to re-
move outliers that may be present in the data. For example,
if a night was photometric for 90% of the time (e.g., clouds
entered toward the end of the night), then our pipeline might
claim that the night was photometric, but the calibration of
some of the data will be poor. Therefore, in order to get the
calibrated source magnitudes, it is important to average the
data taken over several photometric nights. Moreover, obser-
vations taken on multiple nights allow us to calculate variabil-
ity and proper motion indicators.
In order to expedite the processing in cases where we have
more than 30 images of the same field, we truncated the num-
17 We use the 68 percentile divided by two as a robust estimator for one
standard deviation.
18 The CCD number is designated by CCDID, which ranges from 0 to 11
(CCDID=3 is inoperable).
19 A PTF field, denoted by PTFFIELD, is uniquely associated with a pre-
defined sky position.
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FIG. 2.— Histogram of the number of unique nights (upper panel) and
number of unique observations (lower panel) per object in the catalog. The
histogram of number of unique observations peaks at six observations, twice
of the value at which the histogram of number of unique night peaks. This
reflects the fact that until March 2012 for most fields we obtained two obser-
vations per night.
ber of images according to the following scheme. If more
than 30 images of the same field, taken on less than 30 unique
nights, were available, then we selected a single random im-
age from each night. If more than 30 images taken in more
than 30 unique nights were available, then we selected only
the 30 nights with the smallest APBSRMS parameter and se-
lected one image from each one of these nights. Histograms
of the number of unique nights and number of unique obser-
vations per object in the catalog are shown in Figure 2.
For each set of selected images of a given
PTFFIELD/CCDID, we matched the sources in all the
images against a reference image with a matching radius of
1.5′′. Here, the reference image was selected as the image of
the field with the largest number of sources20. We note that in
future catalog versions, we intend to use a deep coadd image
for each PTFFIELD/CCDID as a reference image.
Next, we remove all the measurements that are masked by
one of the following flags: source is deblended by SExtrac-
tor (Bertin & Arnouts 1996); aircraft/satellite track; high dark
current; noisy/hot pixel; containing possible optical ghost;
CCD-bleed; radiation hit21; saturated pixels; dead pixel; not
a number; halo around bright star; dirt on optics. These flags
are described in details in Laher et al. (in prep). The remain-
ing photometric measurements are used to calculate the mean
photometric properties of each source in the PTF photometric
catalog 1.0.
Some of the PTF fields are overlapping in areal coverage.
Therefore, some of the sources generated by the process de-
scribed above are duplicates. We remove duplicate sources
and keep the catalog entry which corresponds to the lowest
PTFFIELD. We also remove all sources fainter than 19 mag.
Sources fainter than ∼ 19 mag have photometric errors that
are larger than the photometric accuracy of this catalog.
4. THE CATALOG
20 Typically, this is the image with the best limiting magnitude.
21 The current radiation hit/CCD bleed flag in the version of the PTF IPAC
pipeline used here is not a good indicator for radiation hits.
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The PTF photometric catalog is presented in Table 3. The
catalog is also available online from the IPAC website22 and
the VizieR service23. The following columns are available:
αJ2000: The median J2000.0 right ascension over all the im-
ages used to derive the photometry.
δJ2000: The median J2000.0 declination over all the images
used to derive the photometry.
Nobs: Number of images that were used to derive the photom-
etry.
Nnight: Number of individual nights in which the images were
taken.
BestRMS: The best bright-star RMS value (APBSRMS pa-
rameter) over all nights used.
RPTF: The median R-band magnitude in the PTF system (i.e.,
not color corrected to SDSS) over all epochs.
∆RPTF: The error on the median R-band magnitude as cal-
culated from the range containing 68% of the measurements
divided by two (i.e., [∆−RPTF +∆+RPTF]/2).
∆−RPTF: The lower-bound error on the median R-band mag-
nitude as calculated from the range between the median mag-
nitude and the lower 16-percentile magnitude.
∆+RPTF: The upper-bound error on the median R-band mag-
nitude as calculated from the range between the median mag-
nitude and the upper 16-percentile magnitude. By construc-
tion the sum of ∆−RPTF and ∆+RPTF gives the 68-percentile
range, and it is therefore an estimator for twice the 1-σ error.
µtype: An indicator that can be used to estimate if the source is
resolved (e.g., galaxy) or unresolved (e.g., star). This is based
on the SExtractor parameters MAG AUTO−MU MAX.
MU MAX measures the object surface magnitude in the ob-
ject’s central pixel. The parameter is normalized such that
the median of µtype over the population of sources in the im-
age is zero. Since most sources in PTF images are unre-
solved (stellar-like), this parameter has a value near zero for
unresolved sources, and extended sources will have negative
µtype values. Based on our preliminary calibration, there is
a ∼ 2% probability that objects with µtype < −0.2 are unre-
solved (stellar).
∆µtype: The standard deviation of the µtype as measured over
all images used in the processing.
PTFFIELD: The PTF unique field identifier.
CCDID: The PTF CCD identifier (0 to 11).
Flag: A flag that is set to 1 if the 68-percentile range di-
vided by two (i.e., [∆−RPTF + ∆+RPTF]/2) is smaller than
0.03× 10−0.2(14−RPTF) and is set to 0 otherwise. This flag can
be useful in selecting sources for which the photometry is reli-
able and are likely not strongly variable sources. In the current
version of the catalog we list only sources with Flag = 1.
The current catalog covers 11233 deg2 and its sky cover-
age is shown in Figure 3. About 7978 deg2 are found within
the footprint of SDSS-DR8, while 3255 deg2 are outside the
footprint of SDSS-DR8.
5. ACCURACY AND REPEATABILITY
Figure 4 gives contours of objects density in the magnitude-
scatter plane, where scatter is the 68 percentile range of the
calibrated magnitude measurements divided by two. The
thick solid black line shows the error threshold we used to
22 http://irsa.ipac.caltech.edu/
23 http://vizier.u-strasbg.fr/viz-bin/VizieR
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FIG. 4.— The 68 percentile range of the calibrated magnitude measure-
ments divided by two as a function of the median magnitude of each star in
the catalog. The contours indicate the log10 of the density of stars in this
plane as calculated in cells of 0.1 mag in the X-axis and 0.1 dex in the Y-axis.
The thick-black line shows the error threshold we used to select photometric
calibrators (i.e., Flag in Table 3). The figure demonstrates that the typical
calibration error for bright stars is about 1%–2% and that the errors increase
to about 0.06 mag for magnitude ∼ 19. We note that while the 1% error at
the bright end is mostly systematic, the ≈ 6% error at the faint end is mostly
statistical (Poisson errors). 2.6% of the stars are found above the solid line
(i.e., stars with Flag = 0 which are not listed in the current version of the
catalog). It is likely that a large fraction of the stars above the solid line are
variable stars.
select photometric calibrators (i.e., Flag = 1 in Table 3).
Figure 5 presents the distribution of the 68 percentile range
divided by two of all the stars in the PTF photometric cata-
log. This histogram suggest that 23.6% (4.3%) of the objects
in the catalog have errors worse than 5% (10%). We note
that fainter objects have larger photometric (Poisson) errors.
Therefore these errors do not represent the floor of systematic
errors that can be achieved by using bright stars or many faint
stars.
As discussed in §4, some of the sources have duplicate mea-
surements on different PTF fields and/or CCDs. Such du-
plicate measurements can be used to test the repeatability of
the catalog over multiple CCDs. Figure 6 shows the differ-
ences between all 2.1× 106 duplicate pairs as a function of
PTF photometric catalog 5
TABLE 3
PTF PHOTOMETRIC CATALOG 1.0
αJ2000 δJ2000 Nobs Nnight BestRMS RPTF ∆RPTF ∆−RPTF ∆+RPTF µtype ∆µtype PTFFIELD CCDID Flag
deg deg mag mag mag mag mag mag mag
42.532500 −31.087161 23 12 0.022 16.152 0.021 0.017 0.026 0.058 0.095 100111 09 1
42.786188 −31.086008 21 12 0.022 17.172 0.030 0.022 0.037 0.058 0.060 100111 09 1
42.593730 −31.085419 22 12 0.022 18.507 0.063 0.055 0.071 0.106 0.106 100111 09 1
42.525416 −31.081556 23 12 0.022 14.225 0.015 0.017 0.014 0.046 0.072 100111 09 1
42.953363 −31.080395 23 12 0.022 15.286 0.025 0.029 0.022 0.003 0.063 100111 09 1
NOTE. — The table is sorted by declination. See text for column descriptions. This table is published in its entirety in the electronic edition of PASP. A portion of the full table is
shown here for guidance regarding its form and content.
0 0.05 0.1 0.15 0.2 0.25 0.3
0
1
2
3
4
5
6 x 10
6
Photometric error [mag]
N
um
be
r
FIG. 5.— Histogram of the 68 percentile range divided by two (robust er-
rors) distribution of all the stars in the PTF photometric catalog. The bins
show the number of stars per 0.01 mag bins.
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FIG. 6.— The differences between all the duplicate measurements of the
same stars taken on different fields or CCDs, as a function of their mean
magnitude. This plot is based on about 2.1× 106 duplicate measurements.
The contours indicate the log10 of the density of stars in this plane as calcu-
lated in cells of 0.1 mag in the X-axis and 0.1 dex in the Y-axis. The figure
demonstrates that the typical repeatability of the photometric catalog is about
1%–2% at the bright end and 3% at the faint end, and that in some cases
repeatability of a few mmag is achieved even without applying relative pho-
tometry techniques. See additional discussion in Fig. 4.
their mean magnitude. We note that the mean difference be-
tween two data points generated from a Gaussian distribution
is equal to 1.13 times the standard deviation of the Gaussian.
This figure suggests that our photometric calibration does not
depend on which CCD in the camera the data were obtained.
In the magnitude range 15 to 16, the median repeatability is
about 0.01 mag and 95% of the sources have a repeatability
better than about 0.03 mag.
6. CONCLUSIONS
To summarize, we present a catalog of calibrated PTF R-
band magnitudes of sources extracted from PTF images. The
catalog covers about 28% of the celestial sphere, some of it
outside the SDSS footprint. Conversion of PTF R-band mag-
nitude to other magnitude systems requires knowledge of the
source’s color. We note that the scatter in colors of some pop-
ulations of objects is small enough (e.g., RR Lyr stars, aster-
oids) that their mean color can be used for conversion. We
note that the current version of the catalog is designed as a
photometric catalog, rather than astrometric catalog.
Future versions of this catalog will also provide the g-band
magnitudes, which will allow one to apply color corrections
directly, with no assumptions. In future versions, we also
plan to include more robust variability information, source
morphology and proper motion measurements of individual
sources.
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